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A Study on Detection and Classification of Electrotechnical
Symbols in Electrotechnical Diagrams using Deep Learning
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Abstract: As the fourth industrial revolution, based on artificial intelligence and data, is actively taking
place in various industrial domains, digital transformation is also happening rapidly. Even before the
advent of the digital economy, companies accumulated and utilized analog data. With the emergence of
machine learning technologies using data, the value of data is increasing, so it is crucial to transform
analog data into data that computers can understand to increase the utilization of existing analog data.
In order to utilize paper-based diagrams in a computer, electrotechnical symbols, lines, and text on the
paper-based diagrams must be detected. In this paper, we discuss the technology required to convert
paper-based diagrams into digital data so that they can detect electrotechnical symbols and the
electrotechnical symbol recognition method using deep learning technology. Specifically, we divide the
step of converting paper-based diagrams to digital diagrams into three procedural steps: electrotechnical
device detection, line detection, and text detection. In addition, we propose an electrotechnical device
detection method based on the Faster R-CNN neural network. We use the actual and test diagrams
synthesized with representative electrotechnical devices of the IEC 60617 standard. We confirm that the
proposed method has higher precision and recall than the Fast R-CNN-based electrotechnical device
detection.

Keywords: Object Detection, Electrotechnical Symbol Detection, Electrotechnical Diagrams, Deep
Learning

8ok oy A delA A3ASH HolHE
ofbd= 1 dlo|H e YAE ko] wEA| o] F : 78‘
A e 7|95 ofg= FHj9] dHolHE F4etal &&38qith Holg & &&3k 7
719 TFeE HeolHe 77 ksl 9lﬂ ]}‘4 ofd=1 HolH e &ELEE Fo ]7]
943]1 obdZ 1 HlolHE HIFE7t ]Oﬂf?:f = HAE HeolHE Wsksie Aol wiS-
FT8slth Fo] EHES HFHAA &&317] O’EHH Fo|l EHol driaz}, I, 9AEE
HEstolof ot B =Tl %‘] SEHolA A7|AAE HEst] dXE HeolH=
WHeksh= o 83 Vled ded Vles &8st 1A )14 Whe] fis] w=olgith
THo R H3ksh= dAE WA HE A HE,
BB HAEo] A 7o dxpAel dAZ yietl EESE  Faster R-CNN A7 Hof] 74k

L4>

an

Received: February 03, 2023; 1% Review Result: March 18, 2023; 2" Review Result: April 17, 2023
Accepted: May 31, 2023

ISSN: 2508-9080 APJCRI 17
Copyright © 2023 KCTRS



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

ZdshE 3, A7 9 3
g 77 AMes A "92ER 89 IERolth Absxak, Adubs Al Ashr] Al
AARE AAsHcol A7 Al="S AFstr] Qs R=E AdSal Ak 19634
AHsxF A 24 GMI IBMo] ZRete @]l 718F CAD(Computer Aided Design) = 2 13 9]
DAC-1(Design Augmented by Computer)”} ZA1E °]% dHAA7A FELS 48 CAD
Zrado] &85 9tk CAD ZEIHS &&sto] AAlE IR YAY HolH
Pel= AFgEo o] vz Ves Zte Y] AlaEs AFE o B i AQARE0]
7hsete] AA ARE 95 odow IR s AT F e AlEYelA
AZEOIE ARGate] AAl AZkE oA Fu AAlE IEE ASE F Uk
2

ey CAD 23S o] gsle] AAH

3] =

A4 Agsle] Fol mHu EAGE A7 Bk HARwel dolHt f8% nE
wakela Qo Fol mwle] HEE: Sgditu Ade] Uk Fo mvo] 7
8T ANE AFEA TE) SAE Fol Ewel U Aol Basth
Qo Fol BRI UAY mWow Aner] SlsA AAAT Ay Fol mwe)
52590 FUSA CAD Z21@S ol §alel thAl AT o WHE Be Azl
AeRT Ay F el 457 EAT bsgol Qo] AEHQ WEe] aFE

Booge BEt Fol mug 24 @ olnlx HelHzRH ArliadE xshs
e AFEE etk BE 7] EWS PASH: Bl @AERn ol 4744
e AAL AL AE Feah e FndEe Agddl ay] Hre »
AT AL Fol EHoN A7AAE AFeL BRE BES GEG B =FoAE
Fol EwelM ArlaAE =] AsM HEH v Vles &83 V1S Aet
gy 9y 22l Faster R-CNN(Regions with Convilutional Neuron Network features)[2]S-

.
Agete] 42 UE&s 7ed
&

Tol =W Ul #Ariazte] AE 9 BFE 8 VATE 2 dJed 76k Wl
AFEE A glon FH Hed Rore] wrdo® Fol T AAE AEIY]
Helds 83 A9t Bol HdgH vk 2020 R2FE O Eom AR O™

oA 2 HAEe A8 "Held 7ol AL AT Wangs £o2 A3 A e Al
7HA AAaAE 1AE] el "Hed ekl AEFHA 417 (CNN: Convolutional
Neuron Network)S 53] st 5o sl A EW A(Softmax) wH/]E ©]-83F
AlZTH3L Eom AR AA43 toles, A7, FUAE
wHehe Aol AMEE CNN2 3 2% o] &xHERt ofyel dwbd oz ofmx]of A
] i

MA AE 2 FAA g AFEE A Au4]. HE AAZE AA 914 WPE O 2 Faster R-
CNN #H ) 124 £%=71 2 YOLO(You Only Look Once) HFH[5]0] Alet= lom 7]
oA A7) A AFl 8 drHe]. ¥ =2 FTol EWe fxd HdF A

18 Copyright © 2023 KCTRS



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

gzEel Arlanel 4% SEuch: A% 4HES 94 12ste] Faser R-ONN
el e,

wEe PAL e 2 28004 RONN Ade] ged A AA 4 g
fardd 248 Azt JE AR 2@ gdAE Fo E=ve fAd
AR Sl AT e AEar agelqr A9 249 A8 A%E ANGw
RS F orbnon syl ART FF AL AW,

2. ¥ 9+

2.1 923 719k AA Q13 ZH YA

geld sl AA a4 = 4
AR PHos LRI 208 AANA WS (17 13t gol WA 4g A
BY71E ALgEtel AAZL 9e A 2L F9L EEHT 4 258 J9 e 5Y2
FEO197) @ F AL Gho WFE dSse 99 BRI 2WAE Aol
AAE Q14 FhT)

2-stage object detection
|

input image first step second step
\ |
Region Feature A
Proposals Extractors Classification

(23 1]29A] AARIA HAYUS

[Fig. 1] 2-Stage Object Detection Mechanism

e A5 e

F @A glel 54 W(feature map)e] 7}
914

1-stage object detection
A

Feature o
Extractors Classification

[28 2] 1Al AAQ1A] wAYS
[Fig. 2] 1-Stage Object Detection Mechanism
297 AZ el ¢ & R-CNN, Fast R-CNN, Faster R-CNN 5-©] glom 197
W o] o] &= YOLO, SSD(Single Shot Detectors) 5 ©] Lt ZHA|el 4] o] A
29 HE Wil 19 HE WHEY wom Q1A £ SW
Wie] 29t AE R wE

| = 194

Copyright © 2023 KCTRS 19



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

2.2 AEFH AIZ(CNN: Convolution Neural Network)

W& oA gk Htj QoA 5AHS Foldle Held WESAZ 20104
|FoAXA  AA del AREHIL vk HAEFA AR

o
o N
oo
®
L . oo
z
N
o,
o

2 AEFAH AT, ReLU(Rectified Linear Unit) 7%, Y3k &3 (Max Pooling)
, BESk(Flatten) AT o= AT AEFA AT AT AT Yo
SAe FE5t7] Sall s d9e oln x| Ao B A=
Tetth. HE ThEA e s dAlA AAe o= Al
5 54 Hes =59t gEFA AAWdAAE ol 49
1

o oo
oo rZ ok
N )
=

o2

b Rloplh o pE O i
oox B oo 2 op
r
=
o
=
c
ik
o,
o
&
o
=
=4
o
=
[sp}
5
mlo
offt
:?L_',
dlo
EN
=
o
(e}
o
fru
rE
o
rot
k)
=
(@]
=
c

2.3 R-CNN, Fast R-CNN and Faster R-CNN

R-CNN(Regions with CNNs features)[6] AlGY AMAHES 54 FJd diaix A=2FA
ARl 5 e FEste] AAIQA HA gy O]“]X]"ﬂ EHZ%H

L 3

AN B M(selective search)E 718§ sle] A 71 )
of Interest)= °F 2,0007] A= F&3th F=€ ROI= 247 =A7]9
A719] ArtZgg o g wHEY, ZF ROIE ALEFAH AlAGLS o] 831
57 ol thsll SVM(Support Vector Machine) w#71& 4
g 2ol 3= A] & (object classification) ¥+ & ZBFM =
12~ (bounding box)®] YA E Al =7 flal BF2 3] E4] 7] (box regressor) S
of Aol A&st 9 X (object location)E oS3l 18 32 R-CNN A <14
AatE Bt

)11

dn 2o e
ox, 2\

N O
s
o

4l
=
=

fm o = 2 Jw
€ o o (B iy

1o ol oft

stage 1 stage 2

= _%_- \ "i =8 aop Store all region features  ob
= selectrve Z N object
A= search l ; " ~feQION Tesize | s CNN C SVMs I

' 1 classification
== ﬁ % cache
jocation
MM

input image ~2k proposals feature map

[ 3]R-CNN Zix¢14] =¢)
[Fig. 3] R-CNN Object Recognition Model
R-CNN  ZFel4 muo Hed A Ans uAse] 9om symMzy uhs
7

E -
SAAEATIS A5 SFE ARTA AW BH FA 2] WIgHA o} AA
UEL A 2ol A gh5o] o] Foj x| gk=t},

=]
Fast R-CNN[8]= ©]H]#|oA ROIE F=3 F 7} ROIO dis|A AEFHA AHUS
83t R-CNN3 &e] ROl F&3 AuFAd A4d% 48 £A5 wAste] WA

20 Copyright © 2023 KCTRS



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

2]
F=3% ROIE Adstal AME S W¥sha
dolHE 14 A7|2 A $ FC(fully connected) W E A E 4-83+}. Fast R-CNN
AZEW A (Softmax) w719 vheE HtA 3| EA TS o]&ste] A R AAC
v vk g oS3l WEY A Aol A g5o] o]
Fast R-CNN< < 3 #HS Faslr] deo A&
S5 A oS Agro]l o S ER7IS B
A3 ThEAel vk Eo] A WE el g °

AR Q1 mde] xS Wl

il
(0]

il

stage 1 stage 2

for each region

£y : - ROI object
: [ S [ Layer FC || FC classification
~2k proposals
| CNN

location
[C2% 4] Fast R-CNN 7247|214 =dl

[Fig. 4] Fast R-CNN Object Recognition Model

o

Faster R-CNN<> ROIE FE3}7] 98]l R-CNNZ} Fast R-CNN9| A% gy oe
RPN(region proposal network)S #l|QFgtt}t, A A oju| x| o] tjs] AEFH MNATS 283}
T SA el AAEE A&ste] AAVE JSute 95 o535k R-CNNI Fast R-
CNNETH ROI % AIZFS &<tk B3 RPNOA A& 4 st T
Mo A2 oE BA B X(anchor box)oll “golstal Zb <FHAH Hbo
F=otal B FARANS Y RPN ©<es] AA7F S wek YA E AlQtsh
Ao MAZE J=A Ao dsiA v S

H
Faster R-CNN2 dh<50] o]

(¢}

==

[e]
=1
= %

Fol7 & GPU oA 3 He ¥ oS Pt AA=
lAela HAE dFET & Ao wEA F2eh 1 9oi= Fast R-CNNo| A A}-&-3F
YEYT 22 gz d83se] zF AAe A23) ¢ Z+=1}. Faster R-CNN-& Fast

o2 seg SRk

stage 1 stage 2

| | | for each region

e [+t softmax | 20T
Layer FC | FC C+1 softmax | jagsification

location

i on each spatial location i

Region Proposal Network (RPN)

[C13) 5] Faster R-CNN 247 ¢12] &l

[Fig. 5] Faster R-CNN Object Recognition Model

Copyright © 2023 KCTRS 21



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

3. A3

3.1 A7] =W gAY A

Folell AgE 7] =W "Ad A2 Fol =wg 27kl onjA] gdm
Agkets B EAE Fo] EWS CAD ZEI1E AE3ste] CAD FY 2 A dhshe
Hlo] Qlth CAD W2 AAE A7) BHe g3 Za AlxHo] WA e &7l
T4 Tk beetal SRR S2E A TdshA] #ak AlEdeldE F 2E
A5 o Ao

. =EoAe g8 79 Faster R-CNN 228 &83le] Fo] =HS CAD Y9
FHZ UA"E dEE s A A7l EuE s ArIaAdlE)e] Tt
AAE AT Fol W7 =HE CAD #Yd dHlz d&sk= A dae= (249 63
2o gAd ojmA] gd® FA"E 7] ZHeA dr]aztd ddsls AEs HED
T AEE ARKRE A7) =Wl AW P AAS Fdshs A AEI Av1AaA 2
Adol did dHs Vs gAES HEF F A kA9 HE A3 ArE 295
HEAHOo® CAD FUS FASHA Aok 2 =2 e a9 19 HAd wam FAR
A7z ) HEel B3 Aot

........................................................................................

ED ED N : ]
[(paper—based)} —* scan (color image) : binarize j The scope ofthts paper

ED extract | | classify | | localize | symbol diagram '
E (binary image) features symbols (block position) (symbol id, block position) A'.l

remove ED detect localize line diagram Electrical Diagram
) Symbols _.[ (line and text) Lines ™ (start/end position) (symbol ids) Compose | = (CAD file)
detect | localize text diagram
ED: Electrical Diagram Texts (start position) (related objects)

[Z9 6] Tol7Ivk 17] =de] tAd Hg 55 5%=

[Fig. 6] Digital Transformation Flow of Paper-based Electrotechnical Diagrams

)
ofo
e
2
i
2
3
=
7
('%) -
rl
=
=
Z
.
ML T
_‘g_l,
1
2
7
:

248 279 ARGE oHAelN LeolPain ANE AZete 712 Wl

22 Copyright © 2023 KCTRS



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

Az vE2 4% oMY BA vtz AAE HAESdo AE5EFH HEHIAA ¢
EA4 W x H)dl di&l] gA 927 F W x H x k7 EAH. B =TdAs 5
We EFdhe o AEHEE 8T UEYAEE Inception-Resnet-v2 2174 WS

Agetei

]
fu

L}

[o;

RPN-2 Inception-Resnet 217 %S &3] 42 54 W deolHd A= g 3 F 3x3

AEFA A4S F85te] 54 W3 22 7719 3 54 W(intermediate feature map)=
Tetth T3 54 Hel disiA A At AA AAE A dS5e] s dA
b H\g [x] ABZA AAS st 2k oA dlhxo] giEid AAe EA SRE
o St Ayel iy Blao v Hx AS AR AHRE I

RPNS THFAZ wf 285 = &4 e A ()Y 2o &4 s 44 d3
2 EA(Ly) T vheE B 3 AR W2 EA(Ley)S te ol Al it
BA wbo] Qe ol v A A wbzo] AV s FE, ;v vREE U
sAEA S T E2 A wrze] A dWHE Ut p; ¢ = A58 AA

J X (ground truth)oll dfal] AA7F EAT &I A58 A Guo| oigt =4 WEE
gt A= U S EE N 9 Ny AFolol tidh #&S w7 fla] AHedd

ol

g5s sl AFEEE 7Y 8] X|(mini-batch)®] ZL7|(N gg )& 256700]a1 o] w] x| jof A
ARG BE Q7] W20 YA (N eg)T oF 24007020 B-% 29] 71 2 100.%
ARG Ly A2 AERY] EH, L, smoothy = ©]&3

L({pi}: {ti}) - Zl cls (pupl) + A lel reg(tut ) (1)

o A= BN EAS WSk R Ae®E AATE EAE
ol AL A (DY &4 e Py HixE gHdsta gE4
ALl R (SGD: Stochastic Gradient Descent)2 ©]-8-3}¢] RPNS &H5A]7]

RPNo|| oJ&f) A7t &A1& A& 5% ROIT Fast R-CNN EE-S |
AAE dFsh= AA A4S 53T} Fast R-CNN EE|A RPN 2E PAE

=
=
=
ROIZ 118slA] a1 v FH U gk 9 Al(non-maximum suppression)E 4-8-3}o] &Fo] =
=
3

Aol AAFe AR PEel U &4 Folw BA g AR &4 Fow
” R =
S

BAES hi: ROIE 183t} RPN¥ Fast R-CNN EES o] &3le] A4S <12
Qs B =FoAE= RPNS WA dH53F 3 RPNQ ROIZ o] 83}¢] Fast R-CNN &
Resnet-v2 /\]ﬁuLg st5okt), 855 Resnet-v2 A AWS B3 EA WES oA EF
RPN 53ttt

4. 43 23
41 4% 374 % wojgAl
A5 ARESH 7] EH O] 7|4 A= [EC(Internatonal Electro-technical Commision) 60617
9] TAE WETH IEC 60617 XF2 7] EWol| ARE3l= °F 1,90071 ] 7] &}
g 1S EFstl vk A7) WS s AVAAE HAEsH] 9 Ade

= Colab #-743} Apple M1 3 Aol Wi X Ro|x L83}ty 1 A=
1,900701 ] A7) Aol Al A28 -§ 2bek7](No fuse breaker) 371, 2§ 2dt7|/RE 353}

Copyright © 2023 KCTRS 23



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

2291 %] (Molded case circuit breaker) 27, = -8 X}7](Electric leackage breaker) 171, %= -&
b7 oF BeFol frAabgk A5 HElo]e] WA | (Electromechanical device of a thermal
relay) 17, W $t7](Potential Transfomer) 570, &8 A9XE 3k 10719 =HAE
AF-&-3F3l T

£ AR s A7) BuE A AVaAE AF vhedE ASs] flsA WY
A7l =ue pAste daEdRl Aviade AVl fAMdE skl dAasith
aEa AE dAviaat T oAl dEe Al e duHer & Av)axte
2 Aeh 2 AL A7IaAE BRete] wde shEelnh [ 112 AFelN HE
AHERE 197 A7t T ddHe R E dviazter e vl T dFE ekt
A71aAe] 197 A7) aAbse A7) Buel AR WRh B A7) 2§ FEHL
A Aes AEsidth. wekrieh AEE Aol A7l oF 250x200 FAo]w

29029 A7)E BE E A7AA9 1/4904 12 Axolth
[3E 1] AFelA ARRRE A7]27 o

[Table 1] An Example of Electrotechnical Symbols used in Experiments

FREEREEEE g% el 0% W3] 3 W3]
T B 5 T Z 5 7 B 2 5 7
67] l-m_\_\_\ L E B MJ MJ
N r{al a3l | Lal al 3l | e == O
J_X]' L4 > |11 I l4 Is 5 g § m
Ty L L £ 4 6 3 4 &5
NC A NO A ~ _ §]7‘&}\] _/_:ﬂo% 3 7Hﬁ }\‘?’]
o : U cam 297 | g 2919 . \
-1 3] el A A
2 7] 11 (13 13 TE 113 "
gy F-Nit -\ E- -\ F -A;‘-\ F-A- -\
12 14 14 14 14 14
F &
-05 HE- X — %
) ASH:!;:,; L { -
sk e L o la
-F1
\ kv *
2
s |
2 HE= =X — ) 3 Hi
e { e A T
s
g e , how e
| R g | R

[28 7] gl A& A7) = o (dF

[Fig. 7] Example of Electrotechnical Diagram used in Experiment

24 Copyright © 2023 KCTRS



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

HA A7) mWe] AL Sl AgSI FReA @obd 2 Asladsh AL
WlaAz PAE =Wn A W7 EWelN A71axE FEse] HiES A7)
EWe AT (13 7S A4 S5 29 B85t e AA A
s

¥
)

A7 222 FAE A7) = 80
Hog 2% HAES THORE g
= Ul A7 2dE A
i o

o

o
e
o
= JQ{J
oy
ol
ol
N
do
:‘0{:"1
—l

N

X,

lo

[-'>~1
N
B~
X
o
e
S,
o\
N o e

ON

2

42 A% A3

421 BT 7] =¥ sk 49
uEsE AVIAAE Jo wiAEe] A Hr] =Ws Fgste]l dr) =9

AES A5t sy, A, HAES 98 A A7) =We 2500x1400 P AR

TAEE 2 A7zt 22 AV)AAE 7] Rl disi Ak W 3} Fast R-CNN
AR W7 AE AE vluElth A7) =AHE Aeket WH I Fast R-CNN
Aol Qlgor  Algsr] 9l 1000x1000 2. % olu] %]  Z}Z7)(crop)3t]

A stdeh [£ 2] Aergt W3} Fast R-CNN A1 4%WS A g3ste] A& AHs v
Aypolty, F A7|Aax=m AR A7) =H A5 [3E 119 34 BV HAEHA &
A7) E=dHol &Rt &2 AriAaxE FAAE 7] EHY AES [E 119 Cam
29A], &b 290X, 3H 2929 HEo] HA AV A HAEE = A7) EHI NC
A, NO HAe HEo] Ay e A7 EHo] EA133 T

: ZESFA SRUR\
o (] NF-\ e | Y ..$- 183
AT : _\J ﬁﬁ[ﬁ:ﬁl [
S S0 0 0 o
| & o---?@ r.r;v;:l.-l‘{mlajn
\\ ; r{2] 2]
: ﬁﬂ-m \ '
o y I V
M"\, NN
G?@ RSP_SSr 028 )ﬂ;- ]
Mlxl‘ E 0L ' LD,
- - [
S ) N
= 1°] - oSl L [N
\_.‘ :“’ﬁ“” PRUCS0D 0] \l 1 \ |-|- 7
m e - i L]
LT T

(19 8] A71aA AE AT o R AL A)ARA, $: 2 718

[Fig. 8] An Example of Detection of Electrotechnical Devices (left: small device, right: large device)

Copyright © 2023 KCTRS 25



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

Aerel WYPe Z WrjaAE FAAE W7l EWdAeE AUETE 99.2%, AMAES
97.4%, mAPT 98.7%= A2 H7|AAR FAE A7 EdHAE AEETE 86.1%,
AL 84.2%, mAPT 85.6%°] ATt AIFeH HH S Fast R-CNNKE.T} AH X7 ©F 4%p,
LS oF 3%p, mAPS 9F 3%p AL £ AHHS Held

il

[3 2] #lekst WHH 3} FastR-CNN A5 B]al (Al #7] &)

[Table 2] Performance Comparision of the Proposed Method and Fast R-CNN (Synthetic Electrotechical

Diagram)
ol 22 A71AE (%) 2 A7 22 (%)

Precision Recall mAP Precision Recall mAP

Alekgt v 86.1 84.2 85.6 99.2 97.4 98.7

Fast R-CNN 82.5 81.6 82.1 98.5 943 95.7
[19 819 952 #2 A7|axtz AT HAE A7) =dddA d7axs AET
Az F @ ololw LEHE 2 A/|2AR AT H2E QY] =wdA dr)2z

AZol A= o] Folxl A} oot}

ANeAR AT A7) EUg B Sed 2dg olgstel Y @A e
A A7) EEE BgoR Arad AF AWe PSR 44 4] mue
ANzeAReR AT A 4 F4sle] gint.

Nl

= Sl Mgl =
A A7l =wol] dis] Aekst W3l Fast R-CNN AlA WS H&AA A7|2x2 HE
Ao v [ 317 2k AlQkst WH X X(precision)™  92.3%, A& (recall)>
88.2%, mAPT 89.7%°|iL Fast R-CNN Aol AUEE 855%, A& 80.4%,
mAPE 84.9%°|th. A A7) =W A7|AaAe] AE AFErt dAr|aARte R A H
A7) mHeA A7 HE ARy U Hol&=H ol& 3443 "9AEJ)]
Pkl oJgt Ao=w FAHT

rlo
X,
olf
o

[3£ 3] Aokt BH I} Fast R-CNN A5 vl (2A] A7) =)

[Table 3] Performance Comparision of the Proposed Method and Fast R-CNN (Real Diagram)

AA A7 &9 (%)
=g
3" %= (Precision) A & E-(Recall) mAP
At vy 923 88.2 89.7
Fast R-CNN 85.5 80.4 84.9

[28 9= [2¥ 719 AA A7) =xel sy driaate] HE ZAdfolvt [1¥ 79
=22 o & Ariaxz A EH

26 Copyright © 2023 KCTRS



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

I

-G14

.....

L
s s
we [0 w L Gi2 Np2 [ U B L e FL1 [

ROl 0| BE] e | Y FEY 0= We e | () vaurzEs |
WIAAT06 (&) VW3A4706 \=) T sosoons

L L2 L3 ~ |

In

PE

[ 9] AAl H7] =9 A7|aat HE 23} 4

[Fig. 9] An Example of the Detection of Electrotechnical Devices in an Actual Diagram

N
el

-

o= Fol 7Rk M7 =S AFHAA &8 F UA=E gAY Hskst]
7l EHE A 8AE HVIAAE, 4, g2ER FEetal d7] =W
A=, 3l A&, 92E A=Y A A9 dAxAd dAZ 8" vAE Ak
AASFIL A G S ¢3 Faster R-CNN
o]-g3 H7]Ax} AES 93
< IEC 60617 2] %<l
to] THE 7] =HI AA EHS o] &ste] EhFstal dhsd A7 Aaxbe
Ptk 2 =EolAe Alkeh WY }
A&, mAP & ©|-&ste] Bluskqlth.  Faster R-CNN 7]8Fe] 7]
U7} Fast R-CNN WHHEUT A 7] T A= oF 4%p A% 4
ok 7%p AE A el B E=RolA IEC 60617 ¥ Ao
A7) =W A A7) A4A 7HEo] Faster R-CNN A Z4S &8 7tsAHS
Fast R-CNN Al74d%e] HE A¥el vusE siolvh. fox theks 7]
At A7) =3 AA =¥ i Held Ves A&ste A7 s
tan 3d3 "92E HEE Fdste] Fol 7Nk W] WS fX" A7)

18k 718 ol

kb
-

(ot a2

¢

o

O]
u\l r'O
i
oL
g
X o
2
2
ol
ol
=
1127
oo
o
4y e
09:“4
ol
pav
- 0
il

ol

to mlo kU

ooy 2
° 18 S [
s St

)
O+
o

rr

Moo oY B o o> fof 2 do

Hum
g
oxr, 2
i

4

b4
o
H

{(

(Lo O O o N e off mie U N o mu N o rfe
(e}

HUomx B 2o

[o mo fu ok
-
r

it
2

6. A =

o] =2 20228hd % Fojuldta w93 ATE$1-8(202201790001)

Copyright © 2023 KCTRS 27



A Study on Detection and Classification of Electrotechnical Symbols in Electrotechnical Diagrams using Deep Learning

28

References

[1]S. V. Blameyko, S. Uchida, Recognition of Engineering Drawing Entities: Review of Approaches, International Journal
of Image and Graphics, (2007), Vol.7, No.4, pp.703-733.
DOI: https://doi.org/10.1142/S0219467807002878

[2] S. Ren, K. He, R. Girshick, and J. Sun, Faster R-CNN: Toward Real-Time Object Detection with Region Proposal
Networks, (2016),
DOT: https://doi.org/10.48550/arXiv: 1506.01497

[31 H. Wang, T. Pan, M. K. Ahsan, Hand-drawn electronic component recognition using deep learning
algorithm,International Journal of Computer Applications in Technology, (2020), Vol.62, No.1 pp.13-19.
DOI: https://doi.org/10.1504/ijcat.2020.103905

[4] X. Wu. D. Sahoo, S. C. H. Hoi, Recent Advances in Deep Learning for Object Detection, (2019)
DOI: https://doi.org/10.48550/arXiv.1908.03673

[5]J. Relmon, S. Divvala, R. Gishick, A. Farhadi, You Only Look Once: Unified, Real-Time Object Detection, Proceeding
of Computer Vision and Pattern Recognition (CVPR), IEEE, (2016),
Available from: https://pjreddie.com/darknet/yolo

[6]J. Si, M. Kim, S. Kim, Converting Close-Looped Electronic Circuit Image with Single I/O Symble into Netlist, Journal
of KIIT, (2021), Vol.19, No.8, pp.1-10.
DOI: https://doi.org/10.14801/jkiit.2021.19.8.1

[7] R. Girshick, J. Donahue, T. Darrell, J. Malik, Rich feature hierarchies for accurate object detection and semantic
segmentation, (2014)
DOI: https://doi.org/10.48550/arXiv.1311.2524

[8] R. Girshick, Fast R-CNN, (2015)
DOI: https://doi.org/10.48550/arXiv.1504.08083

[91 IEC 61617 database, IEC 61617 — Graphic Symbols for Diagrams, (2022)
Available from: https://std.iec.ch/iec60617

Copyright © 2023 KCTRS



